Acute and sub-acute toxicological effects of ethanolic extract of the leaves and young twigs of Caesalpinia bonduc were carried out on albino rats. Single extract doses from 2000 to 5000 mg/kg body weight were administered orally and monitored for 14 days in acute study, while extract doses from 200 to 1600 mg/kg body weight were orally administered daily for 28 days in sub-acute study and recovery was assessed 14 days after dosing. Biochemical, haematological and histopathological examinations were carried out. There was no mortality in the experimental animals in all acute treatment doses. However, there were significant alterations in the biomarkers and induced cellular damage to the liver in all acute treatment doses. In the sub-acute toxicity treatment, the assessed biomarkers were unaffected at extract dose of 200 mg/kg body weight compared to control, while significant changes were observed in rats administered with extract doses of 400 mg/kg body weight and above. No significant difference was observed between the tested groups and the recovery groups in the sub-acute toxicity study. In conclusion, the ethanolic extract of C. bonduc could be toxic to selected organs of the rat body in acute and sub-acute treatments.
Introduction
Indigenous knowledge of medicinal plants, have made them a valuable tool in the treatment of several ailments. The knowledge about the various functions of plants is communicated from generation to generation through frequent usage and by oral tradition (Sagar and Vidyasagar, 2010) . The traditional use of medicinal plants in the treatment of different diseases is popular in Nigeria and other developing countries. Natural products are conceived to be a major source of chemical substances with possible therapeutic activity. World Health Organization (WHO) reported that 80 % of the world's population use medicinal plants as their main primary health care source in the treatment of diseases (Ajose, 2007) . Some herbal drugs are associated with both harmful as well as beneficial effects to the biological system (Sagar and Vidyasagar, 2010) ..
Caesalpinia bonduc, (family: Caesalpiniaceae, genus Fabaceae), commonly known as Gray Nicker nut (English) and Ayòó (Yoruba, Nigeria), is a prickly shrub with grey, hard, globular shaped seeds and a smooth shining surface (Nadkarni, 1954) . It is a medicinal plant predominantly distributed in the tropical and subtropical regions of Africa, Asia and the Caribbean (Gupta et al., 2003) . The pharmacological screening of the plant extracts reveals their anticancer, antioxidant, antimalarial, antihyperglycemic, anti-inflammatory, antirheumatic, antipyretic, anticonvulsant, antiameaobic, anti-estrogenic and abortifacient activities (Adesina, 1982; Datté et al., 1998; Gupta et al., 2003; Chakrabarti et al. 2003 ; Gupta et al., 2004; Sonibare et al., 2009) . Recently, Jäger and Saaby (2011) reported the anti-depressant, anti-anxiety, memory inducer and relaxing enhancer of C. bonduc. The phytochemical analysis of the plant shows that it contains saponins, alkaloids, flavonoids, triterpenoids, diterpenoids, tannins and steroids (Kumar et al., 2005) .
The leaves and young twigs of C. bonduc are used as an antimalarial decoction (Innocent et al., 2009) , as well as for other ethno-medicinal uses in Nigeria. There is paucity of information on the toxicity profile of the ethanolic extract of the leaves and twigs of C. bonduc. Consequently, detailed toxicity studies of C. bonduc using animal model are required to avoid the potential adverse effects of the plant. The present work was designed to study the acute and sub-acute toxicity profile of the ethanolic extract of leaves and young twigs of C. bonduc (L) Robx using methods developed by Organization for Economic Community and Development (OECD, 1995; OECD, 2001) . The toxicity studies of ethanolic extract of the leaves and young twigs of C. bonduc using OECD methods have not been reported before in published work. Hence, the work was designed and reported herein for the first time.
Sub-acute toxicity
Fifty female albino Wistar rats were selected by stratified randomization for the sub-acute toxicity study. They were divided into six groups. The five animals in group one were the normal control group; the five in group two were the vehicle control group. The four subsequent groups (groups three to six), each containing ten rats, were the extract treated groups. In each extract treated group, five rats were for the actual test and five were for the recovery test. The rats were weighed before the commencement of treatment. Thereafter, they were weighed weekly throughout the duration of the study. The rats were dosed as follows: Group 1 was the normal control, dosed with 1 ml distilled water; group 2 was the vehicle control, dosed with 1 ml (0.25 %) sodium carboxymethyl cellulose; group 3 was dosed with 200 mg extract/kg between; group 4 was dosed with 400 mg extract/kg between; group 5 was dosed with 800 mg extract/kg between; and group 6 was dosed with 1600 mg extract/kg between. The animals were dosed daily by gastric intubation.
The physical appearance and the daily activities of the rats, such as eating patterns and signs of abnormalities, were observed and recorded. On the 29th day after treatment, five treated animals in each group were put under light ether anaesthesia (Muto et al., 2003) . The recovery groups were kept, left untreated for additional 14 days and later sacrificed. Blood samples were collected by cardiac puncture into heparin and EDTA bottles. The kidney, liver, heart and spleen were also collected from the animals and washed in normal saline, weighed and stored in 10% formalin in plastic bottles. The biochemical, haematological and histopathological markers of organ toxicity were evaluated in the treated animals and compared with controls. The relative organ weights were also calculated and recorded.
Biochemical analysis
The blood samples in heparin tubes were centrifuged at 3000 rpm for 10 minutes to collect the blood plasma. The blood plasma was analysed for parameters such as total protein (PTP), urea (PU), creatinine (PCT), uric acid (PUA), glucose (PG), triglyceride (PTG), aspartate aminotransferase (AST), alanine aminotransferase (ALT), cholesterol (PC), total bilirubin (PTB), direct bilirubin (PDB) and indirect bilirubin (PIB) using Randox test kit (Randox Laboratories Ltd, UK).
Haematological analysis
For haematological study, the following parameters were evaluated according to the methods of Dacie and Lewis (1984) : packed cell volume (PCV), white blood cells (WBC), neutrophil (N), eosinophil (E), lymphocyte (L) and monocyte (M).
Histopathological study
The histopathological study of kidney, liver, spleen and heart removed from the experimental animals were carried out according to the method of Godkar and Godkar (2003) . Samples were embedded in paraplast wax after fixation with 10 % formalin, dehydration with methanol and clearing with xylene. Sections were made at 5 m, stained with hematoxylin and eosin, and studied under the light microscope.
Statistical analysis
Experimental values were expressed as mean ± Standard Error of Mean (SEM). Statistical analysis of the results was carried out by one way analysis of variance with the Statistical Package for the Social Sciences (SPSS) version 15.0 (SPSS Inc., Chicago, IL, USA). Test for statistical significance was carried out at 95% confidence limit.
Results

Acute toxicity study Behavioral pattern, body and organ weights
Behavioural observation of the rats after one hour of dosing showed a drowsy effect on all the rats dosed with plant extract compared with control. Table 1 shows the body weights of rats in all groups. The body weights of rats increased progressively throughout the duration of the experiment. There were no significant changes in the relative liver and heart weights of the rats at all treatment doses. However, there were significant decreases in relative kidney and spleen weights in rats at all extract doses ( Table 2) . No mortality was recorded in any group throughout the duration of the experiment. 
Biochemical effect
There were significant (p ˂0.05) changes in the biochemical markers with significant increases in uric acids (PUA), urea (PU), creatinine (PCT), triglyceride (PTG), glucose (PG), cholesterol (PC), concentrations and Aspartate aminotransferases activity (AST) in rats treated with the highest dose of 5000 mg/kg bwt. However, an insignificant increase was observed with the activity of alkaline aminotransferases (ALT) and an insignificant decrease in the concentration of total plasma protein (PTP) as extract doses increased (Table 3) . 
Haematological effect
There were insignificant decreases in white blood cells (WBC), packed cell volume (PCV) and Neutrophil (N) counts, but general increase in lymphocyte counts in the rats as dosage increased (Table 4) . 
Histopathological effect:
There were no obvious histopathological alterations or remarkable changes in the internal organs of all treated groups in comparison to the control, except in the liver. The liver showed hepatic fatty changes in rats treated with extract dose of 2000 mg/kg bwt and hepatic fatty congestion in rats treated with higher extract doses of 4000 and 6000 mg/kg bwt (Plate I). 
Sub-acute toxicity study Effect on body and organ weights
Body weights of all experimental animals increased progressively throughout the duration of the experiment (Table 5) . No significant changes in the relative organ weights were noticed in rats treated with extract at dose of 200 mg/kg between compared with the control groups. However, there was significant increase in relative organ weights in rats treated with higher doses and in the recovery test groups (Table 6 ). Table 7 shows that there was insignificant differences in the concentrations of ALT, AST, PTB, PDB, PIB in rats treated with extract dose of 200 mg/kg body weight in comparison with normal control rats. However, there were significant (p˂ 0.05) increases in the activities of ALT and AST and the concentrations of PTB and PIB at higher extract doses. There was no significant effect on PDB as extract doses increased in comparison with normal control. Table VIII shows that there were insignificant changes in the concentrations of PU, PCT and PTG at extract dose of 200 mg/kg body weight in comparison with control rats, but there was significant increase in PUA. Nevertheless, there were significant increases in the concentrations of PUA, PU and PTG, but insignificant increase in the concentration of PCT in rats treated with higher extract doses of 400, 800 and 1600 mg/kg between in comparison with rats treated with distilled water (control) and with low extract dose of 200 mg/kg between. The results also show that there were insignificant differences in the concentrations of PTP, PC and PG in rats treated with extract dose of 200 mg/kg between in comparison with normal control rats (Table IX) . On the contrary, there was significant increase in the concentration of PC and significant decrease in the concentration of PTP in rats treated with higher extract doses of 800 and 1600 mg/kg between in comparison with normal control rats ( Table 9) . It is worthy to note that the levels of glucose (PG), direct bilirubin (PDB) and creatinine (PCT) were not significantly changed in rats treated with extract doses of 400, 800, 1600 mg/kg. Values with * and superscript c ' c ' are significantly different at P<0.05 compared with normal control group and 200 mg/kg group respectively. It was also observed that there was no significant change in the biochemical parameters of the rats treated with various extract doses in the test groups compared with the rats in the recovery test groups (Tables 7, 8 & 9) .
Biochemical effect
Haematological effect
There was no significant change in the number of white blood cells and in neutrophils, lymphocytes, monocytes counts as well as the packed cell volume in the rats treated with extract dose of 200 mg/kg bwt compared with control. However, there were significant decreases in white blood cells (WBC) and neutrophil (N) counts as well as a significant (P<0.05) increase in lymphocyte (L) counts. There was a general decrease in packed cell volume (PCV) and monocyte (M) counts in rats treated with high extract doses of 400, 800 and 1600 mg/kg between in comparison with rats treated with distil water (normal control) (Table 10) .
Histopathological effect
Compared with the rats in the control groups, no remarkable changes on the morphology of the experimental rats treated with low extract dose of 200 mg/kg bwt were noticed on gross examinations. The histological section of the heart and spleen in all groups showed preserved normal architecture of their cellular components. On the other hand, liver of rats treated with high extract doses of 400 mg/kg bwt and above showed noticeable cellular alterations such as the presence of lipid-filled hepatocytes (hepatic fatty changes) in rats treated with extract dose of 400 mg/kg bwt (Plate IIB), prominent hepatic sinusoids which are engorged with red blood cells (sinusoidal congestion), central hepatic venous congestion which are
